The soils which are soft or sometimes the reclaimed sites require the ground improvement. There the most economical and feasible solution seems to be the use of granular piles (GP) which are normally composed of boulders, sand etc. Stiffening simply means that the material of the GP is replaced partially in its top region by some suitable material, having better mechanical properties i.e. higher deformation modulus while doing it partially from the top of the GP so as to not only get the solution from the top bulging phenomenon but also the increase in load carrying capacity. Analysis of a single partially stiffened end bearing GP is carried out in the present paper. Settlement reduction factor is evaluated and is found to decrease with the increase in stiffening parameters viz. stiffening factor, percentage length of stiffening.
the elastic properties of the material of GP are improved. Physically it simply means that some portion of the GP is replaced by a better engineering material, may be geo-textile, geo-grids, etc. so that although there is a little bit compromise in economy but the load carrying capacity is increased and bulging problem is overcome.
MAJOR ASSUMPTIONS MADE DURING ANALYSIS
Soil is considered to be homogeneous, isotropic and linearly elastic. The base of stone column/granular pile is taken to be smooth across which the load is uniformly distributed.
[1]. The disturbance effects in the in-situ soil due to the installation of granular piles are ignored and even consolidation due to self weight with passage of time, leading to change in elastic deformation modulus of GP as well as soil is neglected. Stress strain behavior is assumed to be linear. The present study has been done by assuming no slip or yield condition.
II.
LITERATURE REVIEW In past Experimental and numerical approaches for studying behavior of granular piles has been used by many investigators. Since 1969 with pioneer study of [2] in the area of granular piles as ground improvement technique, number of researchers has worked in this area, giving new heights to this area.
[3] Suggested the reduced stress method for the estimation of reduction in settlement of ground improved with stone columns.
[4] Performed drained elasto-plastic analysis using Mohr-Coulomb's criterion for soft clay, stones, and sand. Numerical results from the FEM compare well with the experimental results.
[5] Investigated the performance of stone columns in a weak deposit and effect of reinforcing stone columns by jacketing with a tubular wire mesh and bridging reinforcement with a metal rod and a concrete plug are evaluated.
[6] studied the interactions between a granular pile and raft placed on top are investigated using the continuum approach. [7] solved the differential equations of the foundation reinforced by stone columns using a semi analytical method and the comparisons agree very well with the existing analytical solutions. [8] by varying the parameters like the diameter of sand column etc. evaluated the degree of improvement in the mechanical properties of soft clays in practical applications involving the use of sand drains or sand columns in clayey soils.
[9] carried out physical model tests to understand the settlement characteristics, particularly in relation to small-group configurations.
[10] presented a three-dimensional finite-element model to carry out a parametric study on a number of governing factors such as the consistency of soft ground, the geo-synthetic encasement length and stiffness, embankment fill height, and area replacement ratio.
[11]studied small scale model tests of floating stone columns group The parameters affecting the group response are identified as area ratio; column length; deformation modulus of column: over consolidation ratio; initial geostatic stresses and clayey soil parameters. [12] proposed design charts for estimating long-term drained settlement of floating stone column group foundations are presented based on three-dimensional, elasto-plastic, finite element analyses. [13] presents an analytical model to predict the bearing capacity of soft soil reinforced with stone columns under rigid raft foundation subject to general shear-failure mechanism. [14] observed that the soil arching progressed during post-construction due to a decrease in apparent stiffness of soft clay from quasi un-drained to drained stiffness. [15] investigates the effects of encasement stiffness and strength on the response of individual geo-textile encased granular columns embedded in soft soil through model tests.
III.
PROBLEM DEFINITION AND ANALYSIS METHOD Present problem is shown in Fig 1(a) ,(b) and(c) a single end bearing GP, of length L and diameter d=(2a) loaded with an axial load, P. As observed by number of researchers it is found that the top portion of the GP tends to bulge out, so the stiffening effect is provided at the top of the GP. The top portion of each pile is stiffened up-to some, same definite length(Ls), defined by parameter η .The deformation modulus of the granular pile in the un-stiffened portion is taken as Egp, while that of the stiffened top portion is higher than the bottom portion. The surrounding soft soil is represented by the deformation modulus Es and the Poisson's ratio, νs. The relative stiffness of GP is described as Kgp=Egp/Es, i.e. the ratio of deformation modulus of pile to that of the soil. A parameter, χ, whose value is considered as greater than one is defined to take into account the stiffening effect, i.e. χ, is the factor by which the, Kgp, of the un-stiffened portion of pile is multiplied to get the, Kgp, of the stiffened portion of the pile. Continuity of displacement is maintained at the interface of stiffened and un-stiffened part of the pile.
SOIL DISPLACEMENTS
The soil displacements equation for a granular pile which is end bearing is given by [2] as,
Where {S s } and { s } are soil displacement and normalized soil displacement vectors respectively. { s } is of size 'n' for end bearing GPs, {/Es} is a column vector of size (n+1) respectively. To account for the influence of the bearing stratum, the mirror image approximation [2] is used. The influence of the mirror image elements is taken as, , times the influence of shear stresses on the real elements in the negative direction, where, , is a non-dimensional parameter that accounts for the compressibility of the base and lies between, 0 and 1, for floating GP and GP resting on a rigid stratum respectively i.e. end bearing. [IF sp ] is a square matrix of soil displacement influence coefficients of size 'n' for end bearing GP. [IF spim ] is a square matrix of soil displacement influence coefficients due to image elements of size 'n'.
GRANULAR PILE DISPLACEMENTS
GP displacements for end bearing GP resting on relatively stiff bearing stratum are obtained as follows: Settlement of the base of a GP resting on a bearing stratum of finite compressibility is approximated by the equation given by Boussinesq for the displacement of a rigid circular disc on a semi-infinite mass as 
Using the relationship between axial stresses and shaft shear stresses the final form of displacement equations for elements i = 1 to n in terms of shaft shear stresses are 
COMPATIBILITY OF DISPLACEMENTS OF SOIL AND GP
Satisfying the compatibility of vertical displacements of the granular pile and the soil, solutions are obtained in terms of interface shear stresses and base pressure.
For granular pile resting on stiff bearing stratum (Eq.s (1) and (3)) the interface shear stresses are
For estimation of, , an iterative technique suggested by [2]is used. With an initial chosen value of, , to estimate the 'n' unknown shear stresses, , and base pressure, pb. Having obtained the solution for chosen value of, , a closer estimate of the correct value of  is obtained by considering the compatibility between displacements of soil and the bearing stratum at the pile tip. The soil displacement at the pile tip is 
Eq. (6) is solved iteratively using the new value of, , and the process repeated until the required convergence is obtained for the value of, . Here required convergence means that the percentage difference between the new value of  and last calculated value of, , is 0.01%.
Parameter, β E, (settlement reduction factor) is described to compare the settlement of a end bearing granular pile partially stiffened to that of settlement of an un-stiffened end bearing granular pile. 
IV. RESULTS AND DISCUSSION
Results in terms of settlement interaction factor were validated. Fig.2 clearly shows the effect of stiffening factor, χ, that as it increases the value of settlement reduction factor, βE decreases. It can be seen from graph that for, Eb/Es=100, L/d=20, η=10% with, Kgp=50 and χ=1, 2, 3 and 4, the value of, βE, are, 1.00, 0.90, 0.87 and 0.86, respectively, hence causing a percentage decrease of, 10, 13 and 14, respectively, while for, Kgp=100 and χ=1, 2, 3 and 4, the value of, βE, are, 1.00, 0.92, 0.90 and 0.88 respectively, thereby causing a percentage decrease of 8, 10 and 12 respectively. Same type of effect is observed with the next stiffening parameter i.e. percentage length of stiffening, η i.e. as it increases the value of, βE, decreases. It can be noticed that as, η, increases the percentage reduction in, βE, increases. The effect of, Kgp, can be observed that, as relative stiffness of GP, Kgp, increases the value of settlement reduction factor; βE, increases because the top displacement of stiffened pile has decreased comparatively less than that of un-stiffened pile, showing the role of stiffening, hence the value of settlement reduction factor, βE. Fig.3 clearly shows the effect of stiffening that as percentage length of stiffening, η, increases the value of settlement reduction factor, βE, decreases. But the effect of, L/d, can also be seen i.e. for, Eb/Es=100, η=10% χ=2 with, Kgp=50 and L/d=10, 20, 30 and 40, the value of, βE, are, 0.93, 0.90, 0.88 and 0.86 , respectively, therefore a percentage decrease of 3, 5 and 7, respectively occurs, and for, Kgp=100 and L/d=10, 20, 30 and 40, the value of, βE, are 0.94, 0.92, 0.90 and 0.89 , respectively, thereby causing a percentage decrease of 2, 4 and 5, respectively. As, L/d, increases the value of, βE, is found to decrease owing to more length of stiffening. Fig . 4 depicts the variation of a settlement reduction factor, βE, with stiffening factor, χ. As already explained, with the increase in, χ, the value of, βE, decreases. It can also be observed that for, L/d=10, Eb/Es=100, χ=2 with, Kgp=50 and η=10, 20, 30 and 40%, the value of, βE, are, 0.93, 0.86, 0.83 and 0.79, respectively, hence causing a percentage decrease of, 7, 10 and 15, respectively, and in case with, Kgp=100 and η=10 20, 30 and 40%, the value of, βE, are, 0.94, 0.88, 0.84 and 0.80 , respectively, thereby causing a percentage decrease of, 6, 10 and 14, respectively. 
International V. CONCLUSIONS Above analysis is carried out using finite difference technique and is based on elastic continuum approach. Mathematical formulation is developed using equation [16] [17] to incorporate the stiffening parameter for single GP. The settlement reduction factor is found to decrease with increasing relative length, stiffness factor, percentage length of stiffening, while increases with increase in relative stiffness of granular pile.
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